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(57) ABSTRACT 

A solid-state imaging device includes: a plurality of pixel 
circuits each including a photoelectric conversion element; 
reading signal lines connected to the pixel circuits; a refer 
ence signal output circuit outputting a reference signal Whose 
voltage level varies; a reference signal line connected to the 
reference signal output circuit; and comparators each having 
a ?rst input terminal and a second input terminal and each 
inverting its output depending on a voltage relation of the ?rst 
input terminal and the second input terminal, Wherein the ?rst 
input terminals of some of the comparators are connected to 
the reading signal lines and the second input terminals thereof 
are connected to the reference signal line, and Wherein the 
?rst input terminals of the other of the comparators are con 
nected to the reference signal line and the second input ter 
minals thereof are connected to the reading signal lines. 

12 Claims, 12 Drawing Sheets 
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SOLID-STATE IMAGING DEVICE, SIGNAL 
PROCESSING METHOD OF SOLID-STATE 

IMAGING DEVICE, AND IMAGE 
CAPTURING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority from Japanese 
Patent Application No. JP 2009-001000 ?led in the Japanese 
Patent O?ice on Jan. 6, 2009, the entire content of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a solid-state imaging 

device in Which a reading signal of a photoelectric conversion 
element is compared With a reference signal by the use of a 
comparator, a signal processing method of the solid-state 
imaging device, and an image capturing apparatus. 

2. Description of the Related Art 
Japanese JP-A-2005-3l 1487 discloses a solid-state imag 

ing device including plural pixel circuits each having a pho 
toelectric conversion element, plural comparators, and plural 
column signal lines connecting the photoelectric conversion 
elements to the comparators. Each comparator compares the 
voltage of a column signal line and the voltage of a reference 
signal line and inverts its output on the basis of the voltage 
relation as the comparison result. 

SUMMARY OF THE INVENTION 

In the solid-state imaging device, as disclosed in JP-A 
2005-311487, plural pixel circuits each having a photoelec 
tric conversion element are generally tWo-dimensionally 
arranged in a matrix. 

The plural comparators are arranged along one side of a 
pixel area in Which the plural pixel circuits are arranged. 
A reference signal line for supplying the reference voltage 

to the plural comparators is disposed to extend along one side 
of the pixel area and to be connected to the plural compara 
tors. 

In such a layout, the reference signal line intersects plural 
column signal lines. The reference signal line intersects the 
plural comparators or output signal lines of the plural com 
parators. 

Accordingly, the reference signal line is coupled to the 
plural column signal lines.As a result, When the outputs of the 
plural comparators are simultaneously inverted, the voltage 
level of the reference signal may vary by the in?uence of the 
inversion of the plural outputs. 
When the voltage level of the reference signal varies, the 

times of inverting the outputs of the comparators are deviated 
from the original times Without such a variation. 

For example, When counters or the like are connected to the 
outputs of the comparators and values corresponding to the 
received light intensity of the photoelectric conversion ele 
ments are obtained on the basis of the times of inverting the 
outputs of the comparators, the obtained values may not cor 
respond to the received light intensity. 

The phenomenon that the outputs of the plural comparators 
are simultaneously inverted occurs, for example, When a sub 
ject having a uniform color or a subject having uniform 
brightness is imaged and voltage levels of plural pixel signals 
(column signal lines) input to the plural comparators from the 
plural photoelectric conversion elements are uniform. 
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2 
When the outputs of the plural comparators are simulta 

neously inverted, horiZontal streaks or the like Which the 
subject does not have may be formed in the image obtained by 
imaging the subject having the uniform color or brightness. 
The phenomenon that the outputs of the plural comparators 

are simultaneously inverted may occur in a line sensor in 
Which plural pixel circuits or plural photoelectric conversion 
elements are arranged in a line. 

Thus, it is desirable to provide a solid-state imaging device, 
a signal processing method of the solid-state imaging device, 
and an image capturing apparatus, Which can suppress an 
in?uence of a variation in voltage level of a reference signal 
on a captured image. 

According to an embodiment of the present invention, 
there is provided a solid-state imaging device including: a 
plurality of pixel circuits each including a photoelectric con 
version element; a plurality of reading signal lines connected 
to the plurality of pixel circuits; a reference signal output 
circuit outputting a reference signal Whose voltage level var 
ies; a reference signal line connected to the reference signal 
output circuit; and a plurality of comparators each having a 
?rst input terminal and a second input terminal and each 
inverting its output depending on a voltage relation of the ?rst 
input terminal and the second input terminal. Here, the ?rst 
input terminals of some of the plurality of comparators are 
connected to the reading signal lines and the second input 
terminals thereof are connected to the reference signal line, 
and the ?rst input terminals of the other of the plurality of 
comparators are connected to the reference signal line and the 
second input terminals thereof are connected to the reading 
signal lines. 
The solid-state imaging device may suitably further 

include counters to Which the outputs of the comparators are 
input, respectively. Here, the reference signal output circuit 
may change the level of the reference signal in synchroniZa 
tion With the counters, and each counter may count until the 
output of the corresponding comparator is inverted in each 
period Where the reference signal output circuit changes the 
level of the reference signal. 
The reference signal output circuit may suitably change the 

voltage level of the reference signal in a reset period before 
the outputs of the pixel circuits are read and may change the 
voltage level of the reference signal in a reading period Where 
the outputs of the pixel circuits are read. 

According to another embodiment of the present invention, 
there is provided a signal processing method of a solid-state 
imaging device including the steps of: connecting some of a 
plurality of pixel circuits each having a photoelectric conver 
sion element to a plurality of reading signal lines; outputting 
a reference signal, a voltage level of Which varies, to a refer 
ence signal line from a reference signal output circuit; and 
comparing the voltage levels of the plurality of reading signal 
lines With the voltage level of the reference signal line using 
a combination of comparators Whose ?rst input terminal is 
connected to the corresponding reading signal line and a 
second input terminal is connected to the reference signal line 
and comparators Whose ?rst input terminal is connected to the 
reference signal line and the second input terminal is con 
nected to the corresponding reading signal line as a plurality 
of comparators Whose output is inverted depending on a volt 
age relation of the ?rst input terminal and the second input 
terminal. 

According to still another embodiment of the present 
invention, there is provided an image capturing apparatus 
including: a solid-state imaging device; and an optical system 
forming an image of a subject on the solid-state imaging 
device, Wherein the solid-state imaging device includes a 
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plurality of pixel circuits each including a photoelectric con 
version element, a plurality of reading signal lines connected 
to the plurality of pixel circuits, a reference signal output 
circuit outputting a reference signal Whose voltage level var 
ies, a reference signal line connected to the reference signal 
output circuit, and a plurality of comparators each having a 
?rst input terminal and a second input terminal and each 
inverting its output depending on a voltage relation of the ?rst 
input terminal and the second input terminal. Here, the ?rst 
input terminals of some of the plurality of comparators are 
connected to the reading signal lines and the second input 
terminals thereof are connected to the reference signal line, 
and the ?rst input terminals of the other of the plurality of 
comparators are connected to the reference signal line and the 
second input terminals thereof are connected to the reading 
signal lines. 

In the above-mentioned embodiments, some of the plural 
comparators invert the outputs on the basis of the fact that the 
voltage level of the ?rst input terminal thereof is higher or 
loWer than the voltage level of the second input terminal. 
On the contrary, the other of the plural comparators invert 

the outputs on the basis of the fact that the voltage level of the 
?rst input terminal thereof is higher or loWer than the voltage 
level of the second input terminal. 

Therefore, the inversion of the outputs of some compara 
tors and the inversion of the outputs of the other comparators 
have a reverse phase relation. That is, the in?uence of some 
comparators on the voltage level of the reference signal and 
the in?uence of the other comparators on the voltage level of 
the reference signal are canceled by each other. 

Accordingly, even When the outputs of the plural compara 
tors are simultaneously inverted, the voltage level of the ref 
erence signal hardly varies. 

According to the embodiments of the present invention, it 
is possible to suppress the in?uence of the variation in voltage 
level of the reference signal on the captured image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram schematically illustrating a layout of a 
CMOS image sensor employing a solid-state imaging device 
according to a ?rst embodiment of the present invention. 

FIG. 2 is a circuit diagram illustrating an example of a unit 
pixel circuit shoWn in FIG. 1. 

FIG. 3 is a circuit diagram illustrating an example of a 
comparator shoWn in FIG. 1. 

FIGS. 4A to 4C are timing diagrams illustrating signal 
Waveforms in a reading period corresponding to one roW in 
the CMOS image sensor shoWn in FIG. 1. 

FIGS. 5A to 5C are diagrams illustrating examples of sig 
nal Waveforms When outputs of plural comparators are simul 
taneously inverted. 

FIG. 6 is a diagram schematically illustrating a layout of a 
CMOS image sensor according to a comparative example. 

FIG. 7 is a diagram illustrating an example of a subject 
Whose captured image can be improved in image quality by 
the use ofa CDS process. 

FIG. 8 is a diagram illustrating an example of a subject 
Whose captured image may have a horiZontal streak not 
removed by the use of the CDS process. 

FIGS. 9A to 9C are diagrams illustrating other examples of 
signal Waveforms When outputs of plural comparators are 
simultaneously inverted. 

FIG. 10 is a diagram illustrating an example of an image 
obtained by capturing the subject shoWn in FIG. 8 by the use 
of the CMOS image sensor according to the comparative 
example shoWn in FIG. 6. 
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4 
FIG. 11 is a diagram schematically illustrating a layout of 

a CMOS image sensor employing a solid-state imaging 
device according to a second embodiment of the present 
invention. 

FIG. 12 is a diagram schematically illustrating a layout of 
a CMOS image sensor employing a solid-state imaging 
device according to a third embodiment of the present inven 
tion. 

FIG. 13 is a diagram schematically illustrating a layout of 
a CMOS image sensor employing a solid-state imaging 
device according to a fourth embodiment of the present inven 
tion. 

FIG. 14 is a diagram schematically illustrating a layout of 
a CMOS image sensor employing a solid-state imaging 
device according to a ?fth embodiment of the present inven 
tion. 

FIG. 15 is a diagram schematically illustrating a layout of 
a CMOS image sensor employing a solid-state imaging 
device according to a sixth embodiment of the present inven 
tion. 

FIG. 16 is a diagram schematically illustrating a con?gu 
ration of a camera system employing an image capturing 
apparatus according to a seventh embodiment of the present 
invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven 
tion Will be described With reference to the accompanying 
drawings. The description is made in the following sequence. 

1. First Embodiment (Example of Solid-state Imaging 
Device for Black-and-White Image or Monochromatic 
Image) 

2. Second Embodiment (Example of Solid-state Imaging 
Device in Which Comparators are Arranged in TWo Lines) 

3. Third Embodiment (Example of Solid-state Imaging 
Device for Color Image in Bayer Arrangement) 

4. Fourth Embodiment (Example of Solid-state Imaging 
Device in Which Noise Ratio of TWo Types of Comparators 
Having Different Connection Relations is 2:1) 

5. Fifth Embodiment (Example of Solid-state Imaging 
Device Having Inverting Circuit) 

6. Sixth Embodiment (Example of Solid-state Imaging 
Device Having SWitch Circuit and Polarity Matching Circuit) 

7. Seventh Embodiment (Example of Camera System 
Employing Image Capturing Apparatus) 
1. First Embodiment 
Con?guration of Solid-State Imaging Device 

FIG. 1 schematically shoWs a layout of a CMOS (Comple 
mentary Metal Oxide Semiconductor) image sensor 1 of a 
column AD (Analog to Digital) conversion type employing a 
solid-state imaging device according to a ?rst embodiment of 
the present invention. 
The CMOS image sensor 1 has a circuit con?guration most 

effective for reducing streaking in capturing a black-and 
White image or capturing a monochromatic image. 
The streaking in this speci?cation means a horizontal 

streak, Which a subject does not have, formed in the captured 
image. 
The CMOS image sensor 1 shoWn in FIG. 1 includes plural 

unit pixel circuits (pixel circuits) 20. 
As shoWn in FIG. 2, each unit pixel circuit 20 includes a 

photo diode (photoelectric conversion element) 21, a trans 
mission transistor 22, a reset transistor 23, an ampli?cation 
transistor 24, and a selection transistor 25. 
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The source of the selection transistor 25 is connected to a 
column signal line 3 to be described later. The source of the 
ampli?cation transistor 24 is connected to the drain of the 
selection transistor 25, and the drain thereof is connected to a 
roW signal line 4 to be described later. 

The source of the transmission transistor 22 is connected to 
the photo diode 21 and the drain thereof is connected to the 
gate of the ampli?cation transistor 24. 
When the transmission transistor 22 is in an ON state 

(current-carrying state), current generated in the photo diode 
21 depending on the received light intensity ?oWs to the gate 
of the ampli?cation transistor 24 via the transmission transis 
tor 22. 

The ampli?cation transistor 24 causes the current, Which is 
obtained by amplifying the gate current, to ?oW to the column 
signal line 3 via the selection transistor 25. The voltage of the 
column signal line 3 has a level corresponding to the current 
generated in the photo diode 21. 

The source of the reset transistor 23 is connected to a node 
(?oating diffusion FD) betWeen the transmission transistor 22 
and the ampli?cation transistor 24 and the drain thereof is 
connected to the roW signal line 4 to be described later. 
When the reset transistor 23 is in an ON state, the ?oating 

diffusion ED is connected to the roW signal line 4 to be 
described later. 

The current corresponding to the potential of the ?oating 
diffusion PD in that state ?oWs to the column signal line 3 via 
the selection transistor 25 from the ampli?cation transistor 
24. 

The voltage of the column signal line 3 has a level corre 
sponding to the potential of the ?oating diffusion PD. 
The potential of the ?oating diffusion FD varies depending 

on the characteristic of the photo diode 21 and is not constant 
in the plural unit pixel circuits 20. 

The plural unit pixel circuits 20 are tWo-dimensionally 
arranged in a matrix in a pixel area 2 corresponding to a 
light-receiving area of the CMOS image sensor 1. 

Plural column signal lines (reading signal lines) 3 and 
plural roW signal lines 4 are arranged in the pixel area 2. Each 
roW signal line 4 is connected to the unit pixel circuits 20 
extending in a roW. Each column signal line 3 is connected to 
the unit pixel circuits 20 extending in a column. 

The CMOS image sensor 1 additionally includes a roW 
scanning circuit 5, a column AD conversion circuit 6, a col 
umn scanning circuit 7, and a communication timing control 
ler 8. The column AD conversion circuit 6 includes a refer 
ence signal output circuit 11, plural comparators 12, and 
plural counters 13. 

The reference signal output circuit 11 is connected to a 
reference signal line 14. The reference signal output circuit 11 
outputs a reference signal to the reference signal line 14. The 
voltage level of the reference signal varies in a ramp Wave 
form. 

Each comparator 12 includes an inverting input terminal 
36, a noninverting input terminal 35, and an output terminal 
37. 
As shoWn in FIG. 3, the comparator 12 includes a ?rst 

transistor 31, a second transistor 32, a constant current circuit 
33, and a current relay circuit 34. 

The gate of the ?rst transistor 31 is connected to the invert 
ing input terminal 36, the source thereof is connected to the 
current relay circuit 34, and the drain thereof is connected to 
the constant current circuit 33. The current relay circuit 34 is 
connected to the output terminal 37. 

The gate of the second transistor 32 is connected to the 
noninverting input terminal 35, the source thereof is con 
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6 
nected to the output terminal 37, and the drain thereof is 
connected to the constant current circuit 33. 

In the comparator 12, When the input voltage of the invert 
ing input terminal 36 increases, the ?rst transistor 31 is 
changed to a current-carrying state and current ?oWs in the 
current relay circuit 34. The current ?oWs to the output ter 
minal 37. 
When the input voltage of the noninverting input terminal 

35 increases, the second transistor 32 is changed to a current 
carrying state. The second transistor 32 draWs the current 
from the output terminal 37. 
When the input voltage of the inverting input terminal 3 6 is 

higher than the input voltage of the noninverting input termi 
nal 35, the current ?oWing from the current relay circuit 34 to 
the output terminal 37 is greater than the current draWn from 
the output terminal 37 by the second transistor 32. 

In this case, current ?oWs from the output terminal 37 to the 
outside and the output terminal 37 is usually at a high level. 
On the contrary, When the input voltage of the inverting 

input terminal 36 is loWer than the input voltage of the non 
inverting input terminal 35, the current draWn from the output 
terminal 37 by the second transistor 32 is greater than the 
current ?oWing from the current relay circuit 34 to the output 
terminal 37. 

In this case, current ?oWs from the output terminal 37 to the 
inside and the output terminal 37 is usually at a loW level. 
As shoWn in FIG. 1, the number of comparators 12 is equal 

to the number of column signal lines 3. The plural compara 
tors 12 are laid out in a line along one side of the pixel area 2. 
The plural comparators 12 are connected to the plural column 
signal lines 3 in a one-to-one correspondence manner. 
The reference signal line 14 is disposed betWeen the pixel 

area 2 and the plural comparators 12 and extends along one 
side of the pixel area 2. Accordingly, the reference signal line 
14 intersects the plural column signal lines 3. 

In this embodiment, in the comparator 12 disposed at the 
left end of FIG. 1, the noninverting input terminal 35 is 
connected to the reference signal line 14 and the inverting 
input terminal 36 is connected to the column signal line 3. 

In the comparator 12 disposed at the second left end adja 
cent thereto, the noninverting input terminal 35 is connected 
to the column signal line 3 and the inverting input terminal 36 
is connected to the reference signal line 14. 

In the comparator 12 disposed at the third left end adjacent 
thereto, the noninverting input terminal 35 is connected to the 
reference signal line 14 and the inverting input terminal 36 is 
connected to the column signal line 3. 

That is, in this embodiment, the plural column signal lines 
3 are alternately connected to the noninverting input termi 
nals 35 and the inverting input terminals 36 in the arrange 
ment order of the comparators 12. 
The reference signal line 14 is connected to the noninvert 

ing input terminals 35 and the inverting input terminals 36 
alternately in the order opposite to the arrangement order of 
the plural column signal lines 3. 

Hereinafter, When the comparator 12 Who se inverting input 
terminal 36 is connected to the column signal line 3 and the 
comparator 12 Whose noninverting input terminal 35 is con 
nected to the column signal line 3 are distinguished from each 
other, the former is referred to as a positive input comparator 
12 and the latter is referred to as a negative input comparator 
12. 
Each counter 13 is connected to the output terminal 37 of 

the corresponding comparator 12 by an output signal line 15. 
The counter 13 counts up in a period from a predetermined 
time until the output voltage of the comparator 12 is inverted. 
The counter 13 may count doWn. 
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The outputs of the plural counters 13 are connected to a 
signal processor 10 by a data output line 9. Accordingly, the 
plural count values of the plural counters 13 are output to the 
signal processor 10. 
The signal processor 10 may be disposed in the CMOS 

image sensor 1 or may be disposed in an integrated circuit 
other than the CMOS image sensor 1. 

The signal processor 10 subtracts the count value in a reset 
period (P phase) from the count value in a reading period (D 
phase), as described later. The subtraction result is used as a 
value indicating the received light intensity of the corre 
sponding photo diode 21. 
When the counters 13 count up, the signal processor 10 can 

obtain substantially the same result as that of the doWn-count, 
by subtracting the count value of reading period (D phase) 
from the count value in the reset period (P phase). 

The counters 13 may count up in the reading period (D 
phase) and may count doWn in the reset period (P phase). In 
this case, the signal processor 10 can obtain substantially the 
same result as that of tWo doWn-counts, by adding tWo count 
values. 

That is, the signal processor 10 can obtain the values cor 
responding to the time difference betWeen the reading period 
(D phase) and the reset period (P phase) until the outputs of 
the comparators 12 are inverted, by adding or subtracting the 
count values in the reset period (P phase) to or from the count 
values in the reading period (D phase). 

The roW scanning circuit 5 is connected to the plural roW 
signal lines 4. 
The column scanning circuit 7 is connected to the plural 

counters 13. The column scanning circuit 7 outputs timing 
signals to the plural counters 13. 
The communication timing controller 8 is connected, for 

example, to the roW scanning circuit 5, the column scanning 
circuit 7, and the reference signal output circuit 11 and con 
trols the circuits. 
Reading Operation 
An operation of reading a captured image from the CMOS 

image sensor 1 Will be described noW. The CMOS image 
sensor 1 receives light of a subject by the use of the plural 
photo diodes 21. 

The captured image of the subject is acquired on the basis 
of a tWo-dimensional light intensity distribution (luminance 
distribution) represented by the received light intensity of the 
plural photo diodes 21. 
When one image is captured, the roW scanning circuit 5 

sequentially controls the plural roW signal lines 4 to be at a 
high level line by line under the control of the communication 
timing controller 8. 

The column scanning circuit 7 controls the selection tran 
sistors 25 in the unit pixel circuits 20 connected to the roW 
signal line 4, Which has been controlled to be at the high level, 
to be turned on. 

Accordingly, some of the plural unit pixel circuits are con 
nected by the roW signal lines 4 and the column signal lines 3. 

In each period Where the roW scanning circuit 5 controls the 
roW signal lines 4 to be at the high level, the reference signal 
output circuit 11 outputs tWo times a ramp-Waveform refer 
ence signal varying from the high level to the loW level to the 
reference signal line 14. 

The column scanning circuit 7 outputs a timing signal to 
the counters 13 in synchronization With the timing When the 
reference signal output circuit 11 starts outputting the refer 
ence signal. 

FIGS. 4A to 4C are timing diagrams illustrating signal 
Waveforms in the reading period corresponding to one roW. 
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8 
The Waveform of the reference signal and the Waveform of 

the pixel signal (signal of the column signal line 3) are shoWn 
in FIG. 4A. 
The Waveform of the output signal of the positive input 

comparator 12 Who se inverting input terminal 36 is connected 
to the column signal line 3 is shoWn in FIG. 4B. 
The Waveform of the output signal of the negative input 

comparator 12 Whose noninverting input terminal 35 is con 
nected to the column signal line 3 is shoWn in FIG. 4C. 
As shoWn in FIGS. 4A to 4C, the reference signal is con 

trolled in tWo ramp Waveforms in the reading period corre 
sponding to one roW. The ?rst ramp Waveform is output in the 
reset period (P phase). The second ramp Waveform is output 
in the reading period (D phase). 

In the P phase period and the D phase period, the voltage 
level of the reference signal is equal to the voltage level of the 
pixel signal. 

At the equal timing, the positive input comparator 12 
inverts its output voltage from the high level to the loW level. 
The negative input comparator 12 inverts the output voltage 
from the loW level to the high level. 
The counter 13 counts up, for example, in the period from 

the timing When the reference signal is controlled to be at the 
high level until the output of the comparator 12 is inverted. 

Then, the counter 13 counts tWo count values of a P-phase 
count value and a D-phase count value in each reading period 
corresponding to one roW. 

In the period Where the P-phase ramp Waveform is output, 
the plural reset transistors 23 of the plural unit pixel circuits 
20 corresponding to the selected roW are controlled to the ON 
state. 

Accordingly, the voltage level of the pixel signal (column 
signal line 3) becomes a voltage level corresponding to the 
potential of the ?oating diffusion PD of the unit pixel circuits 
20 in the selected roW. 

In the counting process With the P phase, the counter 13 
counts the count value representing the period until the poten 
tial of the column signal line 3 based on the ?oating diffusion 
PD is equal to the potential of the reference signal. 

In the period Where the D-phase ramp Waveform is output, 
the plural selection transistors 25 of the plural unit pixel 
circuits 20 corresponding to the selected roW are controlled to 
the ON state. 

Accordingly, the voltage level of the pixel signal (column 
signal line 3) becomes a voltage level corresponding to the 
received light intensity of the photo diodes 21 of the unit pixel 
circuits 20 in the selected roW. 

In the counting process With the D phase, the counter 13 
counts the count value representing the period until the poten 
tial of the column signal line 3 based on the received light 
intensity of the photo diodes 21 is equal to the potential of the 
reference signal. 

Each counter 13 outputs tWo count values to the signal 
processor 10 via the data output line 9. 
The signal processor 10 subtracts the P-phase count value 

of each counter 13 from the D-phase count value. 
Accordingly, the light intensity distribution information 

(luminance distribution information) corresponding to one 
roW of a black-and-White image or a monochromatic image is 
acquired. 
The roW scanning circuit 5 sequentially controls the roW 

signal lines 4 to be at the high level line by line and repeatedly 
performs the control shoWn in FIGS. 4A to 4C every reading 
period corresponding to one roW. 

Accordingly, the light intensity distribution information 
(luminance distribution information) of a black-and-White 
image or a monochromatic image is acquired. 
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An image processor or the like performs a predetermined 
image process on the black-and-White image or the mono 
chromatic image to acquire a captured image. 
Operation 
An example of signal Waveforms When the outputs of the 

plural comparators 12 are simultaneously inverted is shoWn in 
FIGS. 5A to SC. 

The Waveform of the reference signal and the Waveform of 
the pixel signal (the signal of the column signal line 3) are 
shoWn in FIG. 5A. 
The Waveforms of the output signals of the plural compara 

tors 12 Whose outputs are simultaneously inverted are shoWn 
in FIGS. 5B and 5C. 

In FIG. 5A, the Waveform of the ideal reference signal 
shoWn in FIG. 4A is draWn by a dotted line. In addition, in 
FIG. 5A, the Waveform of the reference signal When the 
outputs are simultaneously inverted in the CMOS image sen 
sor 1 according to a comparative example shoWn in FIG. 6 is 
also draWn by a one-dot-chained line. 

The CMOS image sensor 1 shoWn in FIG. 6 is a general 
CMOS image sensor 1. Here, the noninverting input termi 
nals 35 of all the comparators 12 are connected to the refer 
ence signal line 14 and the inverting input terminals 36 are 
connected to the column signal lines 3. 

That is, all the comparators 12 of the CMOS image sensor 
1 shoWn in FIG. 6 are the positive input comparators 12. 

In the manufactured CMOS image sensor 1, as shoWn in 
FIG. 5A, When the outputs of the plural comparators 12 are 
substantially simultaneously inverted, the Waveform of the 
reference signal (Ramp Wave), Which should be originally 
draWn as a linear slope, may be distorted. 
As indicated by a one-dot-chained line in FIG. 5A, the 

distortion of the Waveform of the reference signal occurs in 
the CMOS image sensor 1 according to the comparative 
example shoWn in FIG. 6. As indicated by a solid line in FIG. 
5A, the distortion may occur in the CMOS image sensor 1 
shoWn in FIG. 1. 

It is thought that the distortion of the Waveform of the 
reference signal occurs because of the folloWing reason. 
As shoWn in FIG. 1 or 6, since the reference signal line 14 

is arranged to intersect the plural column signal lines 3, the 
coupling to the plural column signal lines 3 is caused. 
When the outputs of the plural comparators are simulta 

neously inverted, the reference signal is in?uenced by the 
coupling and the voltage level of the reference signal thus 
varies. 

Accordingly, the Waveform of the reference signal is dis 
torted. 

In this Way, When the outputs of the plural comparators 12 
are simultaneously inverted at the times When the reference 
signal is equal to the plural pixel signals and thus the refer 
ence signal is distorted, the folloWing disadvantage may be 
caused. 

That is, as shoWn in FIGS. 5B and 5C, the plural compara 
tors 12 include some comparators 12 Whose outputs are 
inverted at times slightly later than those of the other com 
parators 12 at the time of simultaneous inversion due to a 
characteristic difference or a signal delay difference. 

The comparator 12 Whose output is inverted at a later time 
as shoWn in FIG. 5C compares the pixel signal (the signal of 
the column signal line 3) With the reference signal distorted 
by the in?uence of the comparator 12 Whose output is inverted 
earlier as shoWn in FIG. 5A, and inverts its output. 

In this Way, the plural comparators 12 Whose outputs are 
simultaneously inverted include some comparators 12 Whose 
outputs are inverted at times later than those of the other 
comparators 12. The delay time of the comparator 12 Whose 
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10 
output is inverted at the later time varies depending on the 
variation of the reference signal. 

It is generally recogniZed that the comparators 12 invert the 
outputs after the pixel signals and the reference signal reach 
the same level, as shoWn in FIGS. 4A to 4C. 

With this recognition, even When the Waveform of the 
reference signal is distorted by the simultaneous inversion of 
the outputs, the output of any comparator 12 does not vary in 
inversion timing. 

HoWever, actually manufacturing, the characteristics of the 
plural comparators 12 are not the same. 

Accordingly, the comparator 12 Whose output is inverted at 
an earlier time as shoWn in FIG. 5B and the comparator 12 
Whose output is inverted at a later time as shoWn in FIG. 5C 
exist in the plural comparators 12 Whose outputs are simul 
taneously inverted. 
A noise is introduced into the reference signal line 14 to 

distort the reference signal, as shoWn in FIG. 5A, by the 
output inverting operation of the comparator 12 Who se output 
is inverted at the earlier time at the time of the simultaneous 
inversion. 
The comparator 12 Whose output is inverted at the later 

time at the time of the simultaneous inversion compares the 
pixel signal With the reference signal having the distorted 
Waveform and inverts its output, as shoWn in FIG. 5C. 

Accordingly, the comparator 12 Whose output is inverted at 
the later time in the simultaneous inversion inverts its output 
under the in?uence of the noise. 

In the in?uenced roW (the comparators 12), the count val 
ues vary. 

The image noise due to the variation of the reference signal 
is generated as a ?xed pattern noise When a certain subject is 
imaged. 

First, as shoWn in FIG. 7, an example Where a subject (a 
subject captured as a dark image or the like) having the 
uniform luminance (the uniform received light intensity) in 
the roW direction is imaged Will be described. 

In this case, in the column in?uenced by the noise (in the 
comparators 12 Whose outputs are inverted at the later times), 
the noise amount generated in the reset period (P phase) and 
the noise amount generated in the reading period (D phase) 
are substantially equal to each other as shoWn in FIGS. 5A to 
SC. Since the noises can be removed by a calculation process, 
the ?xed pattern noise is not generated. 

In this Way, When the P-phase noise amount and the 
D-phase noise amount are substantially equal to each other, 
some comparators 12 having a later time in the simultaneous 
inversion of outputs compare the distorted reference signal 
With the pixel signals, similarly in the P phase and the D 
phase, as shoWn in FIG. 5C and invert the outputs. 

Accordingly, the output inversion time in the D phase of 
some comparators 12 varies by the same magnitude as the 
variation amount of the output inversion time in the P phase. 
As shoWn in FIG. 5C, When the comparison is made on the 

basis of the original output inversion time With the reference 
signal not distorted, the timing gap time T2 in D phase is 
substantially equal to the timing gap time T1 in the P phase. 
The count value in the D phase varies by the same value as 

the variation of the count value in the P phase. 
Therefore, the noise can be canceled thereafter by the sub 

traction process (the CDS (Correlated Double Sampling) pro 
cess) in the signal processor 10. 
As a result, the variation in voltage level of the reference 

signal line 14 is not shoWn in the captured image. 
On the contrary, for example, as shoWn in FIG. 8, When a 

subject divided into a White area and a black area in the roW 
direction is imaged, a ?xed pattern noise may occur in the 
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captured image due to the in?uence of the variation in voltage 
level of the reference signal line 14. 
When the subject is divided into the White area and the 

black area in the roW direction, the number of comparators 
Whose outputs are simultaneously inverted is reduced sub 
stantially to a half by the determination on the black area. 

Accordingly, as shoWn in FIG. 9A, the variation of the 
reference signal in the reading period (D phase) is smaller 
than the variation of the reference signal in the reset period (P 
phase). The noise amount of the reference signal is divided 
into tWo types. FIGS. 9A to 9C shoW the same Waveforms as 
shoWn in FIGS. 5A to SC. 

That is, as shoWn in FIG. 9C, With respect to the original 
output inversion timing When the reference signal is not dis 
torted, the timing gap time T4 in the D phase is smaller than 
the timing gap time T3 in the P phase. 

The count value in the D phase varies by a value different 
from the variation of the count value in the P phase. 

The difference in variation corresponding to the time dif 
ference (T4-T3) of the gap time is not cancelled by the CDS 
process of the signal processor 10. 
As a result, in the CMOS image sensor 1 according to the 

comparative example shoWn in FIG. 6, When the subject 
shoWn in FIG. 8 is imaged, the calculated value of the com 
parator 12 Whose output is inverted at the later time includes 
the difference in variation corresponding to T4-T3 and is not 
the value representing the black. 

The calculated value of the comparator 12 Whose output is 
inverted at the later time is different from the calculated 
values of the other comparators 12. 

The comparator 12 Whose output is inverted at the later 
time alWays inverts its output at the time later than the other 
comparators 12 and is in?uenced by the variation of the 
reference signal. 

Therefore, in the CMOS image sensor 1 according to the 
comparative example shoWn in FIG. 6, When the subject 
shoWn in FIG. 8 is imaged, the reference signal greatly varies 
as indicated by the one-dot-chained line in FIG. 9A and a 
streaking (a horiZontal streak, a streak in the roW direction) is 
generated as shoWn in FIG. 10. 

The captured image shoWn in FIG. 10 is an example of an 
image in Which the horiZontal streak (streaking) occurs in the 
loWer-half black area. 

The captured image shoWn in FIG. 10 is an example of an 
image in Which a noise not removed by the CDS process of the 
plural comparators 12 occurs. 

The generation positions of the horizontal streaks are 
expressed by White lines in FIG. 10. 

In this Way, When the subject shoWn in FIG. 8 is imaged, the 
image shoWn in FIG. 10 may be acquired. HoWever, in the 
CMOS image sensor 1 shoWn in FIG. 1, the plural compara 
tors 12 are classi?ed into the positive input comparators 12 
and the negative input comparators 12. 

The plural column signal lines 3 are alternately connected 
to the plural comparators 12. The reference signal line 14 is 
alternately connected to the plural comparators 12. 

Since this connection pattern is employed in the CMOS 
image sensor 1 shoWn in FIG. 1, as indicated by the solid line 
in FIG. 9A, the variation in voltage level of the reference 
signal is suppressed at the time of simultaneously inverting 
the outputs of the plural comparators 12. 

The noise reduction effect of the reference signal results 
from the folloWing tWo reasons. 

First, by alternately sWitching the connection relation of 
the reference signal line 14 and the column signal lines 3 
among the plural comparators 12, the output inversion times 
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12 
are deviated minutely. Accordingly, the number of compara 
tors 12 Whose outputs should be simultaneously inverted is 
actually reduced. 

Second, by sWitching the connection relation of the refer 
ence signal line 14 and the column signal lines 3 betWeen tWo 
neighboring comparators 12, the noises due to the tWo com 
parators 12 are cancelled. 

For example, the case Where the comparators 12 in the 
neighboring columns have complete symmetry and the inver 
sion times in tWo neighboring columns (the comparators 12) 
are completely equal to each other Will be described. 

In this case, the magnitude and phase of the signal in the 
reference signal due to the inversion of the output level of the 
comparators 12 on one side from the high level to the loW 
level are opposite to the magnitude and phase of the noise in 
the reference signal due to the inversion of the output level of 
the comparators 12 on the other side from the loW level to the 
high level. 
The noises are introduced in to the same reference signal 

line 14, thereby canceling the noises in the reference signal 
line 14. 

For these tWo reasons, it is thought that When the outputs of 
the plural comparators 12 are simultaneously inverted, the 
in?uence of the noises on the reference signal line 14 is 
markedly reduced and thus the reference signal is hardly 
distorted. 

In the CMOS image sensor 1 shoWn in FIG. 1, even When 
the outputs of the plural comparators 12 are simultaneously 
inverted, the reference signal is hardly distorted. 

Accordingly, even When the subject (the subject in Which 
the noise amounts in the P phase and the D phase are 
extremely dispersed) shoWn in FIG. 8 are imaged, the mag 
nitudes of the gap time T3 and T4 are reduced. 
As a result, the in?uence on the calculated value (T4-T3) 

is reduced and the streaking in the captured image is not 
visible. 
No ?xed pattern noise is generated in the captured image. 
As shoWn in FIG. 1, in the con?guration in Which the 

inversion polarity of the outputs of the plural comparators 12 
are reverse betWeen the neighboring columns, it is possible to 
improve the image quality of a captured image of a subject 
having a loW spatial frequency and to obtain the best effect in 
a captures image of a subject having a higher spatial fre 
quency. 
As a result, the folloWing advantages are obtained in this 

embodiment. 
By alternately connecting the reference signal line 14 to the 

plural comparators 12, it is possible to suppress the variation 
in voltage level of the reference signal and to suppress the 
in?uence of the variation on the captured image. 
The value corresponding to the time difference in tWice 

inversion operations of the comparators 12 is calculated using 
tWo count values of the counters 13. 

Therefore, When the voltage level of the reference signal 
varies similarly in tWice inversion operations of the compara 
tors 12, it is possible to obtain the calculated value on Which 
the in?uence of the variation has been suppressed. 
As a result, it is possible to suppress the in?uence of the 

variation in voltage level of the reference signal on the cap 
tured image. 

In this embodiment, in the reset period (P phase) before 
reading the output of the photo diodes 21 and the reading 
period (D phase), the voltage level of the reference signal is 
made to vary tWice in synchronization With the counters and 
the ?nal value is calculated from the tWice count values. 
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Accordingly, in this embodiment, it is possible to remove 
the in?uence of the variation in voltage level of the reference 
signal using the calculating process and to perform the CDS 
process at the same time. 

In this embodiment, it is possible to suppress the in?uence 
of a noise component for other factors, as Well as the in?uence 
of the variation in voltage level of the reference signal on the 
captured image. 

In this embodiment, the variation in voltage level of the 
reference signal is suitably suppressed. 
When the variation in voltage level of the reference signal 

exists betWeen tWo times of ramp control, the in?uence 
thereof can be hardly effectively removed only using the CDS 
process. HoWever, in this embodiment, even in such a case, it 
is possible to improve the image quality of the captured 
image. 

In this embodiment, tWo times of ramp control of the 
reference signal output circuit 11 can be used along With tWo 
times of ramp control for the CDS process. 

Accordingly, in the CMOS image sensor 1 in Which the 
CDS process is performed, it is possible to suppress tWo 
in?uences described above Without changing the communi 
cation timing controller 8 or the like. 
TWo times of ramp control of the reference signal output 

circuit 11 may be carried out in a period other than the reading 
period (D phase) and the reset period (P phase). 
2. Second Embodiment 
Con?guration of Solid-State Imaging Device 

FIG. 11 is a diagram schematically illustrating the layout of 
a CMOS image sensor 1 employing a solid-state imaging 
device according to another embodiment of the present inven 
tion. Here, the elements of the CMOS image sensor 1 such as 
the plural comparators 12 and the plural counters 13 are the 
same as those in the ?rst embodiment. 

HoWever, the embodiments are different from each other in 
layout and arrangement of various signal lines. 

Speci?cally, the plural comparators 12 and the plural 
counters 13 are alternately arranged in the upper part and the 
loWer part of the pixel area 2 in the arrangement order in the 
column direction. 

The plural comparators 12 and the plural counters in the 
upper part of the pixel area 2 are arranged in lines, respec 
tively. 

The plural comparators 12 and the plural counters in the 
loWer part of the pixel area 2 are arranged in lines, respec 
tively. 

The column scanning circuit 7 is divided into tWo of an 
upper column scanning circuit 7-1 in the upper part of the 
pixel area 2 and a loWer column scanning circuit 7-2 in the 
loWer part of the pixel area 2. 

The plural column signal lines 3 are alternately connected 
to the plural comparators 12 in the upper part of the pixel area 
2 and the plural comparators 12 in the loWer part. 

The plural column signal lines 3 are alternately connected 
to the noninverting input terminals 35 and the inverting input 
terminals 36 of the plural comparators 12 in the arrangement 
order of the comparators 12 in the column every upper or 
loWer column of the plural comparators 12. 

Accordingly, the plural column signal lines 3 are alter 
nately connected to the noninverting input terminals 35 and 
the inverting input terminals 36 in the arrangement order of 
the comparators 12 every column of the comparators 12. 

The reference signal line 14 is divided into tWo lines in the 
middle Way, Which are connected to the plural comparators 12 
in the upper part of the pixel area 2 and the plural comparators 
12 in the loWer part. 
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14 
The reference signal line 14 is alternately connected to the 

noninverting input terminals 35 and the inverting input ter 
minals 36 of the plural comparators 12 in the arrangement 
order of the comparators 12, Which is opposite to the arrange 
ment order of the plural column signal lines 3, in the column 
every upper or loWer column of the plural comparators 12. 

Accordingly, the reference signal line 14 is alternately 
connected to the noninverting input terminals 35 and the 
inverting input terminals 36 in the order opposite to the 
arrangement order of the plural column signal lines 3 every 
column of the comparators 12. 
Operation 
The reference signal output circuit 11 outputs the reference 

signal of tWo ramp Waveforms shoWn in FIGS. 4A to 4C every 
reading period corresponding to one roW. 
The positive input comparators 12 Whose inverting input 

terminal 36 is connected to the column signal line 3 and the 
negative input comparators 12 Whose noninverting input ter 
minal 35 is connected to the column signal line 3 compare the 
voltage level of the column signal lines 3 With the voltage 
level of the reference signal and invert the outputs in the 
reverse phases. 
The plural counters 13 in the upper part of the pixel area 2 

count in tWo periods of the reset period (P phase) and the 
reading period (D phase) until the outputs of the plural com 
parators 12 in the upper part are inverted after a timing signal 
is input from the upper column scanning circuit 7-1. 
The plural counters 13 in the loWer part of the pixel area 2 

count in tWo periods of the reset period (P phase) and the 
reading period (D phase) until the outputs of the plural com 
parators 12 in the loWer part are inverted after a timing signal 
is input from the loWer column scanning circuit 7-2. 
The signal processor 10 calculates the count value in the P 

phase from the count value in the D phase of each counter 13. 
In the manufactured CMOS image sensor 1, When the 

plural comparators 12 are divided and laid out into the upper 
part and the loWer part of the pixel area 2 as shoWn in FIG. 11, 
the plural comparators 12 in each column have characteristic 
differences and the comparators 12 in the columns have char 
acteristic differences. 
The divided reference signal lines 14 intersect the column 

signal lines 3 to overlap With each other in the upper part of 
the pixel area 2 and intersect the plural column signal lines 3 
to overlap With each other in the loWer part of the pixel area 2. 

Accordingly, the reference signal line 14 causes the cou 
pling to the plural column signal lines 3 separately in tWo 
places of the divided portion in the upper part of the pixel area 
2 and the divided portion in the loWer part. 

In FIG. 11, the plural column signal lines 3 are alternately 
connected to the noninverting input terminals 35 and the 
inverting input terminals 36 of the plural comparators 12 
every upper or loWer column and the reference signal line 14 
is alternately connected thereto every column. 

Accordingly, in FIG. 11, the inversion timing can be suit 
ably shifted in the upper group of the plural comparators 12 
and the inversion timing can be suitable shifted in the loWer 
group of the plural comparators 12. 

In this connection, the inversion polarities of the outputs of 
the plural comparators 12 are reverse every tWo columns With 
respect to the column signal lines 3. 
As a result, in this embodiment, it is possible to suppress 

the variation in voltage level of the reference signal, for 
example, When a black-and-White image is captured and the 
outputs of the plural comparators 12 are simultaneously 
inverted. 












